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ABSTRACT

The objectives of this study were to evaluate the air quality surrounding an indoor swimming pool, to estimate the
cancer risk based on the airborne exposure to trihalomethanes (THMs), and to examine the ventilation efficiency by
Computational Fluid Dynamics (CFD). Chlorine and THMs were measured poolside, and in the staff room and
reception area. The indoor swimming pool was modeled using the Airpak program, with ventilation drawings and actual
survey data. Temperature, flow and mean age of the air were analyzed. Levels of chlorine poolside, and in the staff
room, and reception area were 203 pg/m’, 5 ug/m’, and 10 pg/m’, respectively. Chloroform was the dominant THM
in all sampling sites and mean concentrations were 16.30 pg/m®, 0.51 ug/m>, and 0.06 pg/m* poolside, in the staff room
and reception area, respectively. Bromodichloromethane and Dibromochloromethane levels were respectively estimated
as 10.3 ug/m’ and 1.7 ug/m® poolside, 1.3 pg/m® and 0.1 pg/m’ in the staff room, and were not detected in the reception
area. The cancer risks from inhalation exposure to THMs were estimated between 3.37 x 107 and 1.84 x 107°. A short
circulation phenomenon was observed from the supply air vents to the exhaust air vents located in the ceiling. A high
temperature layer was formed within one meter of the ceiling, and a low temperature layer was formed under this layer
due to the low velocity and high temperature of the supply air, and the improper locations of the supply air vents and
exhaust air vents. The stagnation was evident at the above adult pool and the mean age of the air was 22 minutes.
Disinfection by-products in the indoor swimming pool were present in higher concentrations than in the outdoor air. In
order to increase the removal of pollutants, adjustment was required of the supply air volume and the supply/exhaust
position.
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Table 1. Analytical conditions to quantify airborne chlorine
and THMs

Compound Condition

Injection volume : 25 w/
Column : Dionex lonPac AS9
Cl, Mobile phase : 0.25 mM NaHCO;/
4 mM Na,COs/
0.78 mM p-cyanophenol
Column : HP-5 (0.25 mmx30 mx1 pm)
Injectior : Injection volume 1 p/, Split ratio 10:1

(Trihal(s) Constant flow 0.8 m//min
Oven : Initial 40°C(10 min)
methanes)

rate 5°C/min 80°C(1 min)
rate 10°C/min 200°C(3 min)

<3 7). AFH A 0.5 um Polytetrafluoroethylene
(PTFEYS 0.45 um &2 74%) (25 mm, 225-9006, SKC,
USA) <ol AZF3s, 03LPMEE 641 7HE<t
Fig. 1914 Wbl 2 GollA Fsiaich. odolx] 2wt
AFAAE &7)9] &7]3 6 mM Na,S,0; 3miE A7t
slod 108 o EEA] gEe & gol2y Tmis
Yol A ZE A3 KCI 021 g& gol25d =
o|aL s|Aste] AFE 2T BAL oAR
wlE 283 A= =71%7] (IC/Conductivity detector, DX-
600/ED50, Dionex, USAYE o]-&3l5lom Exze
Table 13+ 7T} SPSS(PASW Version 18.0)2 ©]&-&}
o 2497 JFL vwsl] st AL AXE

ATk

2) THMs

THMs2] £ NMAM #1003'2e] wjstom, g
e ot At

A EE2H(100 mg/50 mg, 226-01, SKC, USA)YS
o]43l 02 LPMOZE 6A7HsR A AAFEZ2 ANF 5
om, o]gsletd 1 m/E FEI F VAR nETE
¥] A ZHEA7](GC/MSD, 6890-5973i, Hewlett packard,
USA)E o]8-3fo] #4151t} SCAN F=olA AR
NS AASE & SIM BRECA AEEAL s1glon
BXZAL Table 134 74},
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Cancer risk = CDlinhalalion X SFinha]alion
CDlinhalalion: (CA X IR x ET x EF x ED)/(BW x AT)

CDI(chronic daily intake), SF(slope factor), CA
(contaminant concentration in air, mg/m?®), IR(inhalation
rate, 1 m*/hr), ET(exposure time, 1 hr/day), EF(exposure
frequency, 3 days/week x 52 weeks/year = 156 days/year),
ED(exposure duration, 30 years), BW(body weight, male
69.2 kg, female 56.4 kg), AT(average time, 78.6 years X
365 days/year)
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Table 2. Airborne chlorine concentrations by sampling sites (unit : g/m?)

Ist day 2nd day Total
Sampling Site Mean + S.D. N Mean + S.D. N Mean + S.D
(Range) (Range) (Range)
. 227+ 60 191 £33 203 + 44
Poolside 3 (176~293) 6 (140~228) ? (140~293)
10+13 5+9
Staff room 3 (N.D~25) 4 N.D. 7 (N.D.~25)
. 10+£13 10+ 13
Reception area - - 2 (N.D~19) 2 (N.D~19)
Outdoor 1 N.D. 1 N.D. 2 N.D.

N: Number of sample, S.D.: Standard deviation, N.D.: Not detected (0.15 pg/sample).
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Table 3. Airborne THMs concentrations by sampling sites (unit : pug/m®)
Sampling Site N CHCl, CHBrCl, CHB,Cl CHBr; Total THMs
. Mean + S.D. 78.6+12.6 103+1.3 1.7+£03 91.6+13.4
Poolside 9 N.D.
(Range) (74.9~118.1) (8.0~11.8) (1.4~2.0) (79.3~121.5)
Mean + S.D. 2.7+0.4 1.3+1.8 0.1+0.1 4.0+1.8
Staff room 7 N.D.
(Range) (2.6~3.8) (0.6~5.4) (N.D.~0.1) (3.1~8.0)
. Mean + S.D. 03+0.1 03+0.1
Reception area 4 N.D. N.D. N.D.
(Range) (0.3~0.4) (0.3~0.4)
Mean + S.D. 02+0.1 02+0.1
Outdoor N.D. N.D. N.D.
(Range) (0.1~0.2) (0.1~0.2)

N: Number of sample, S.D.. Standard deviation, CHCIl;: Chloroform, CHBrCl,: Bromodichloromethane, CHBr,Cl:
Dibromochloromethane, CHBr;: Bromoform, THMs: Trihalomethanes, N.D.: Not detected (CHBrCl, 0.013 pg/sample, CHBr,Cl

0.002 pg/sample, CHBr; 0.014 pg/sample).
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Table 5. Mean levels of temperature, R.H. and CO, at indoor

pool swimming pool
Compound SF inhatation Male Female Sampling Site Temp. (°C) R.H. (%) CO, (ppm)
CHCl, 8.1x107 1.50x107° 1.84x107 Poolside 294+1.4 77+6 855+ 139
CHBrCl, *62x1072 1.51x107° 1.85x107° Staff room 273+0.7 35+2 778 +57
CHBr,Cl  *84x107 3.37x107 4.13x107 Reception area 20.9+2.6 19+5 669 + 65
CHBr; #7.9%x107° - - Outdoor -0.6+0.6 2242 465+33

SF: slope factor, *: oral exposure slope factor were adopted

for inhalation exposure.

Temp.: Temperature, R.H.: relative humidity, CO,: carbon
dioxide.
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Fig. 2. Mean age of air in indoor swimming pool, Height : view from floor, Width : view from left side.
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